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D1FFRACTION CF SOLITARY ELECTRORS
FLYING IN INDIAN-FILE FAGHTON

vV, Leshitovtsev

Attribution of wave properties to individusl particles (electrons, neutrons,
etc.) 18 a very Important concept in quantum mechanice. This concept is based on
oxperiments in the diffraction of particles. Up to now, however, all experiments
have been conducted with intensive beams of particles. Jt was only due to the
diffracticn’s irdependence of beem intensity that wave properties could be as-
cribed to particles, by extrapolating this condition back to the irdividual particles;
1,e,, diffraction is definitely nou the result of scme sort of collective interactican
of the beam particles with the diffracting object. The "imaginary ideal experiment”
on the diffraction of solitary electrons flying one-by-ene in Indian file, as 1%
vere, is therefore usually consider®d in quantum mwchanics courses. Obviously,
carrying out such an experiment has great practical importance.

Recently, such an experiment was carried out by L. Bibermen, N, Sushkin, and
V. Fabriksnt in the Moscow Power-Engineering Institute imeni Molotov (1). For ob-
serving Giffraction, they used a magnetic electron microscope (2) of the treanslucent
type (EM-100) in wh’ch & number of structural charges were mede. The pole shoes
of the projection lems with thelr holder were removed, as vas the intermediate do-
flector and two permalloy deflectors of the objective collimator. An additional
diaphragm was also installed over the diffracting object. The faradays of the
cylinder connected with & mirrcr-galvanometer (senaitivity 297,10_11 amps/divieion)
vere detormired, and o device wae odded which rermisted the photogruphic plate to
be moved without disturbing the vacuum. Up to 23 photographe were obtelned with
the same plate by using this device.

The following method was used to measure the lLutensity of a beam of electrors
which was far too week to be deteztel by a galvanometer. At first, a beam of
electrone was creajgfd which was intense encugh tu be measured by a galvenometer.
This beam was captu by a faradic cylinder and the intensity wes determined
according to the re: “ection of the galvanometer mirror. Then the faradays of the
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cylipder were drained off, and the beam falling on the plate was expended, with
the aid of & proJection lens into a eeries of spols with gradually increasing
(up to 10 centimeter) dimmeter. Photometric check showed that the density of
bleckening was identical within the coufines of every spot, and therefore the
density of eléectrons for each spot was defined as the quotient of the known besm
intensity divided by the area of the spot. A curve of blackening was constructed
for each photoplate according to intensity of blackening and electrcen deneity.
This permitted cne to determine the intensity of a beam having an intensity emly
one fifth of that detectable by a galvancmeter. After this, the imtensity of the
beam was decreased sharply, and the track of the beam was fixed on the plate with
the leuses switched off, thus determining the Intensity of the weak beam of elec-
trone, A diffracting object, namely small magnesium oride crystals om collodion
fiilm, wse placed in the path of the beam and the diffraction picture was obtained.
Te check the constancy of intensity, the diffracting object wes removed after ex-
posure and the track or the beam was again fixed. The diffraction pictures for
strong beamg were obtalned In the ususl marner on photographic plates wita con-
slderably less sensitivity.

Thus, diffraction pictures were obteined for beams almcst seven times different
in intensity. They proved to be canpletely identical., The intensity of the wesk
besm wes mesrured at 4.2.103 electrons per second. Thug the average time between
tvoc pessages of electroms in the inetrument was egual to 2 4.19-4 seconds. Since
the electrons were accelerated to energles of 7z keV, eacn of them traversed the
entiﬁe path in the iastrument in 85"10"9 pecord ; i,e., the transit time was
3.10% timss less than the interval between two electron hits on the plate., In
other worde, the motien »f electrons In the ipstrument in obtaining the diffractioca
picture of a weak beem wae za follows: an electron pessed through the imstrument
in 8.5-10~9 second; the instrument was free of electirons for a time intervel 30,000
Limu gruui.cr uhm uhu lui-bez‘ figuuv; UIJ:I.,V afher lll}li.tl l:im” iuiacrvul did a uow UlUU'
tron pass through the instrument.. It ie apparent thay, with such a tremendous time
interval between comsscutive passages, the probabllity of simultaneouvs passage of
even two electrons ls whoily negligible.

This ssperiment will dcubtlese enter all coursee In quantum mechenice very
shortly.
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